ment of the patients.
The present study was undertaken to review the causes of death and the patho-anatoniical findings of the diabetic autopsy cases and to compare the result with those of other countries.
Our previous report dealt with cases whose causes of death were mostly judged by clinical diagnosis, and in a few cases the judgment was made from autopsy findings (Yamagata et al. 1967 ). The result showed that the first-rank cause of death was cancer of the stomach. However, the figure of another clinic showed that the highest cause was cerebral vascular accident (Kuriki 1973 ). These results obtained from such modest numbers of cases do not seem to show a general figure and may lead to an erroneous conclusion. Based on these considerations, the present analytical study was made on the autopsy cases reported from all over the country.
SOURCE OF CASES AND METHOD
The Japanese Society of Pathology has published the Annual Report of Pathological Autopsy Cases since 1958.
The cases recorded in these Reports were registered from more than two-hundred hospitals all over Japan. The main cause of death was concluded from the autopsy diagnosis with a considera tion on other findings. The details of this decision were described in our preliminary report (Goto and Fukuhara 1968) . As sometimes it was not easy to decide one cause of death from the limited description of records and there might be a possibility that the true cause of death was distorted by the author's subjective judgement, the patho-anatomi cal findings at the autopsy were also analyzed. not always show the exact figure of the infant diabetes, it can easily be understood from the figure that the infant diabetes is relatively rare in this country. The age distribution of the onset of diabetes was described in our previous paper (Goto 1973 ) and the tendency was very similar to that of this series. The absolute number of male cases was smaller than that of female cases in the second, third and tenth decades and in the other decades the male cases were greater than the female. The percentage in the total registered cases, however, was greater in females than in males ( Table 1) . The male to female ratio for the percentage was 1: 1.17.
The cause of death
The causes of death were classified into seven main categories, i.e. diabetic coma, aggravation of diabetes, iatrogenic hypoglycemia, arteriosclerotic cardiovascular disease, infection, malignant neoplasma and miscellaneous. As shown in Table 3 , the first ranking cause of death was the cardiovascular disorder and it was followed by infection, neoplasma and the coma. The changes in the prevalence of causes of death by age group are depicted in Fig. 1 . The diabetic coma was most common in the first decade and it decreased with age. The infection was high in the third and fourth decades but showed no tendency to increase with age.
The arteriosclerotic cardiovascular disease was not seen in the first and the second decade as the main cause of death. It appeared at the third decade and increased with age. Among the cardiovascular diseases, the highest was the diabetic glomerulosclerosis (19.2%) and the next was cerebral vascular disease (11.1%). Ischemic heart disease held 6.5% of the total. This figure is quite low as compared with that in the United States, where the ischemic heart disease takes the highest (Bell 1960; Warren et al. 1966 ).
The first ranking disease in the infection was purulent pulmonary infection. Pulmonary tuberculosis was the most common cause of death until the discovery of streptomycin and it decreased abruptly during the last twenty years. The death of pulmonary tuberculosis was 15.3% of the cases in 1958, whereas it was 1.6% of the cases in 1970. Pulmonary tuberculosis was higher in males than in females.
The urinary tract infection was three times higher in females than in males.
Purulent infection of the liver and the biliary tract, peritonitis and sepsis were also high in diabetes.
The neoplasma appeared in the third decade and high precedence was seen from the sixth to eighth decade. In the neoplasma, gastric carcinoma was the highest (3.9% of all cases) and the second was pulmonary carcinoma (3.7%). Both were frequent in male cases. The ratio of gastric to pulmonary cancer was 1.28:1 and this seems to be small, as gastric cancer is more common than pulmonary cancer in general population.
Among the miscellaneous group, the highest was Schrumpfniere and it was followed by liver cirrhosis, ulcer of the stomach and the duodenum, glomerulonephritis, various pulmonary diseases, hepatitis, etc. Renal papillary necrosis was 0.51% and this was as many as five times more frequent in females than in males.
Autopsy findings
The patho-anatomical findings are summarized by age and sex in Table 4 and some of them are shown in Fig. 2 . Cerebral infarction (or encephalomalacia) was about three times more frequent than cerebral hemorrhage. The infarction increased with age and it was seen in 13.4% of the total male cases and in 14.4% of the female cases. Of course, the cerebral arteriosclerosis increased with age.
Inflammation of the thyroid gland was seen in 0.6% and it was higher in the female cases. Struma was present in 2.5%.
Myocardial infarction was present in 10.7%. As mentioned above, this figure is extremely low in comparison with that in the United States. Arteriosclerosis began to appear at the second decade and increased with age.
Pneumonia and bronchitis were the most frequent findings in the diabetic autopsy cases. They were more frequent in males. Tuberculosis was relatively low in the younger groups and became higher in the older groups. This seemed to be due to the fact that people suffering from tuberculosis were more common in older generation.
The percentages of the carcinomas of the gastro-intestinal tracts were higher in males than in females and this tendency was more clear in cancer of the esopha gus and the colon. Ulcer of the stomach and the duodenum was less frequent in the female cases but ulcer of the colon was more frequent in the female. Fatty infiltration of the liver, which occurs in the severe insulin-deficient conditions, was most frequent in the younger cases and it decreased with age. This phenomenon was due to the fact that the coma was the common cause of death in diabetic infants. Cirrhosis of the liver and hepatic carcinoma were less in female cases. In this series, gall stone was seen only in 5.5% and the percentage was a little higher in females.
The atrophy of the pancreas was rather common in this series. The incidence of this finding fluctuated between 43 and 12% and it was frequent in infant cases.
Fibrosis, cirrhosis of the pancreas and pancreatitis were present in 3.1, 1.3 and 4.0 %, respectively. A decrease in number of the islets and atrophy of the islets were present in 7.6% and this percentage was high in the second and third decades of age as seen in Fig. 2 . The incidence of the hyaline degeneration of the islets was high in the twenties and it decreased with age.
Diabetic glomerular sclerosis began to occur at the second decade of age and its incidence increased until the fifties. Papillary necrosis and pyelonephritis were about three times more frequent in females than in males. The atrophy of the adrenal gland was found in the first decade and its inci dence decreased with age. Gangrene of the feet was present in 43 of the cases.
B. Secondary diabetes
Of the 3151 cases, 397 (12.6%) were classified as secondary diabetes (Table  5 ). The prevalence of the secondary diabetes was 4.4% in the cases under twenty years, 6.3% in the twenties, 16.6% in the thirties, 18.5% in the forties, 15.6% in the fifties, 11.3% in the sixties, 9.6% in the seventies and 4.4% in the cases over 80 years.
The first ranking disease provoking the diabetic state was cirrhosis of the liver (5.5%). Ninety-six cases had cancer of the pancreas (66 males and 30 females).
The main tumor was present at the head of the pancreas in 47 cases, at the body in 8 cases, and at the tail in 12 cases. In 25 cases, their diabetic state was thought to be due to pancreatitis or pancreatic lithiasis. In this group, 20 were males and 5 were females, and 3 of these cases had diabetic glomerular sclerosis. Hemochro matosis was 0.7% of the total cases. Seven cases were under sixty years old and 7 cases were in the sixties. 
DISCUSSION
This study shows the prevalence of the cause of death in diabetic patients. As cases were collected from various clinics, the result of this study can be regarded as a general figure.
It is widely accepted that vascular complications occur frequently in diabetics. The percentage of myocardial infarction and that of cerebral vascular accident in this series are compared with those of the total cases registered in the Annual Reports (1965) (1966) (1967) (1968) (1969) (1970) and also with the statistics of mortality reported by the Welfare Ministry of Japan (Table 6 ). The incidence of myocardial infarction is significantly higher in the diabetic group than in the other groups and this is the same for cerebral infarction. The incidence of cerebral hemorrhage, however, is not different from the other groups. The ratio of cerebral infarction to cerebral hemorrhage is significantly greater in the diabetic group than in the other groups (P<0.005). The mechanism of occurrence of cerebral infarction is different from that of the hemorrhage. It can be said, therefore, that cerebral infarction occurs easily in diabetics, in other words, the abnormalities occurring in diabetics including hyperlipemia are favoring cerebral infarction. The first ranking cause of death in diabetic patients is ischemic heart disease in the United States (Bell 1960; Warren et al. 1966; Marble et al. 1971 ) and this makes a striking contrast to the figures in the present series in which the ischemic heart disease is low. What is the cause of this difference? In our previous report, it was clearly shown that the mortality of arteriosclerotic heart disease among many countries was closely related to the average consumption of fat (g/man/day) (P<0.01) and also to that of protein (P<0.05), but that it is not related to that of carbohydrate (P>0.10).
The mortality of diabetes and the consumption of nutrients among the countries also showed a similar relationship (Goto 1963) . In Japan, the average consumption of fat in 1969 is 45 g/man/day and those of protein and carbohydrate are 77 and 376 g/man/day, respectively. The consumption of fat in this country has increased during the last twenty years, but it is still very low as compared with that in the United States. It is well known that American people are more obese than Japanese and the serum lipids level of the Japanese people is lower than that of Americans. This may be one of the reasons for the low incidence of ischemic heart disease in Japanese diabetics, and if this speculation is acceptable, the restriction of fat may be necessary for diabetics and a normaliza tion of serum lipids may be important in the management of diabetes.
The result of the present study revealed that the diabetic nephropathy was the first ranking cause of death in Japan. This is quite different from that of the United States. Our report on renal biopsy study showed that 45.1% of the 206 diabetic in-patients had diabetic glomerular changes and 20.4% of them had a nodular type lesion. The prevalence of this change became higher with age and also with duration of the disease (Yamauchi et al. 1973 ). The incidence of diabetic glomerular sclerosis in this series is 25.4% and this figure is less than that of Bell's series (Bell 1960) . Therefore, the high ranking of diabetic nephropathy as the cause of death in Japan will be simply due to the lower incidence of ischemic heart disease. As the diabetic nephropathy is less frequent in China (Chung et al. 1963) and Formosa (Tsai 1963) , the race difference is unlikely to be a cause.
The atrophy of the pancreas was described in 15.6% of the total cases and this finding was most frequent in the first decade and the percentage fluctuated between 12 to 20 after the third decade. This result is consistent with the report that the weight of the pancreas is sometimes small in juvenile diabetics and that there is no significant difference in weight of the pancreas between adult onset diabetes and nondiabetics (Lazarus and Volk 1962) . Although the cases with hypoplasia of the pancreas do not always have diabetes, the atrophy of the pancreas may play some role in the occurrence of diabetes. Unfortunately, there is no description of the weight of the pancreas in the records, so an attempt of further quantitative study is impossible.
In this study, 12.6% of the cases were classified as secondary diabetes. In spite of a careful examination, the underlying diseases provoking diabetic state are sometimes overlooked. For example, chronic pancreatitis without attacks is not diagnosed unless the X-ray examinations or the function tests of exocrine pancreas are made as a routine examination for diabetes. Pheochromocytoma is sometimes diagnosed as a case with two common diseases, diabetes and hypertension, if further endocrinological examinations are not made. The figures obtained in the autopsy cases, therefore, may be an ideal one showing the percentage of primary and secondary diabetes, although some of the secondary diabetes are cured com pletely by operation and these operated cases are not included in this study.
